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ABSTRACT 


In the study of business administration or marage- 
ment the student soon encounters a problem that those in 
the field of air ¢arro know only too well, the fact that 
@ecisions must@be made under conditions of uncervainty. 
The forecasting of rene: & air cargo demand iS an 
attempt to reduce this uncertainty and allow the manager 
or executive make better decisions. However, in air 
Perro, aS in any other ineustry, there is a wide range 
of forecasting techniques available. The forecaster 
@euid use consensus, trend projection, factor corelation, 
Ssingte and multiple rerression, Scamonmeseie models, or 
mopuc/output tables. 

Many of the existing forecasts were examined and 
Meoesified aS were Several projected methods. They were 
Classified as to technique employed, the scope of the 
forecast, or possible scope, the tire horizon considered, 
or that could be considered, and the type of material 
forecast, This was done in order to generate a feel for 
what methods could best fit what situations. Use was the 
criteria established for present worth. 

There are many associative and causative factors 
mech must be understood in order to hetter iorecast future 


Mavercity air cargo demand, These factors were discussed 


ex 








in an attempt to isolate the most important. Whe attempt 
to isolate these factors was coupled with the classifica- 
tion of the Haece s Ein methods to arrive at a set of 
conclusions and recommendations. Included in these were 
the lack of a@ proper data base and the direction to be 
taken in further research. It was concluded that, overall, 
the state of the art must wait for more reliable data 


before more precise techniques are valid. 








PART 1 


INTRODUCTION 


In the study of business administration or management 
the student soon encounters a problem tnat those in the 
field of air cargo know only too well, the fact that 
decisions must be made under conditions of uncertainty. 

He pecovers that while the future iS not Certain, he must 
make decisions based upon his best estimate of what ne 
future will bring. He must somehow predict or forecast 
future events as accurately as possible. This forecasting 
may be correctly described as a science, an art, or both. 
The forecaster of future intercity air cargo demand has 
a wide variety of techniques at this disposal. These 
techniques include consensus, trend projection, factor 
menrelavion, sing)é and multiple regression, econometric 
models, and input/output tables. The choice of any one, 
or any combination, of them is dependent upon the fore- 
caster's objectives and specific circumstances. Such 
factors as how long into the future must he project, how 
fecurdve must he be, wnat kind of output does he need, 
and what kind of data does he have available, will greatly 
mm luence his selection. 

There are many reasons why the forecasting of future 
intercity air cargo demand is necessary. This informa- 


tion is needed on an international, national, rerional, 











and local level. It 1S a\so Meeded joy tide ecoy pier. 
ana the equipment manufacturers. The future level of 
intercity air cargo demand influences decisions regarding 
mauve StrUCTUre,. Toure Structure, tacilivy seapacipice aim. 
carrier capacities, and other repulatory and standardiza- 
tion requirements. At the international level the bodies 
concerned with the regulation of international air cargo 
need to know future demand so that they can better pre- 
pare gateway airport facilities to handle this demand. 
imme Structuring of international routes to handle this 
derand is important. There are many other regulatory 
decisions that must be made to facilitate the international 
flow of air cargo and a forecast of future cemand is nec- 
cessaryy to ensure that the best decisions are rade. At 
the national level there is the need for planning our 


30 


national transportation system. Mesaifrecerro 15 a4 
vortion of this system, a forecast of future demand and 


its relation to other parts of the system is ne 
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main we must make decisions concerning rate structure, 
which affects .competition between modes, and route 
structure. The Federal Aviation Arency (FAA) needs to 
know future demand so thet it can plan future facility 
eansion: Regionally, we have such studies as the 
Northeast Corridor Project which approaches the same de- 


cisions but on a lower rgpregate level. The local airport 








7s. concerned with future demand aU atc mlevci scone ie 
can tetter meet futvre requirements and plan any needed 
expansion or change more efficiently. The carriers are 
concerned with future levels and make-up (such as length 
of flight, origination, averave weight, etc.) so that 
they can better prepare for any neede& capacity changes. 
And eel. the equipment manufacturers are concerned 
with future demand and what types of equipment will be 
mecessary. They are interested in the changes or improve- 
ments in technology that will be required to satisfy the 
demand. 

When the finencing requirements for future facilities 
meponsion iS considered, when the expected lifetimes of 
eee iecw eCOulpment are considered, and when the Lead time 
necessary to arrivé at and implement the decisions re- 
quired in planning the national and international trans- 
portation system are considered it becomes readily 
apparent that the best possible forecasts of intercity 
air cargo demand must be made. 

My intention is to examine the techniques that are 
presently available to the forecaster of intercity air 
cargo and determine the applicability of these various 
techniques to specific sets of circumstances that confront 
him. I will examine the factors that affect air cargo. 


I will also show how some forecasts are beinr used. And 








finally, I will address myself to various problems pre- 
sent today and set forth Some conclusions that I reached 


@encerning the ferecasting of intercilyeaar carcor 








PAR ta 
CLASSIFICATION OF FORECASTS 


A. Methods of Classification 
Patrodiction 

There are many forecasts of intercity air cargo 
demand, employing numerous forecasting techniques, pre- 
sently being made thet vary greatly in corplexity and 
scope. When one first encounters this broad array it 
is very easy to be seduced into an attempt to compare 
al}. of these various forecasts down to their minutest 
detail. It is also possible to argue endlessly the 
relative merits of the many forecasts that have been 
made, although to no extremely constructive end. The 
competing Pope steihic techniques are not equally applic- 
able to all Situations ane thus the forecaster must pick 
and choose the one that is best for him. 

After the initial shock is over the forecasting 
methods begin to fall into various broad categories. It 
Gan be seen that while there are small differences, cer- 
tain forecasts have much in common with certain other 
forecasts. More of a feel for intercity air cargo fore- 
casting can be obtained by Segregating the forecasts into 
these broad categories and exsmining their implications. 
Of the many ways that forecasts could be classified the 


most beneficial categories are by technique, by the scope 





of the forecast, by its period of interest, and by the 
type of material forecast. 
Classification by technique 

As previously stated, the forecaster has a wide 
renge of techniques available with varyifi¢ aepréés OF 
complexity. These techniques can be fprouped into three 
broed categories: The naive method, the barometric 
method, and the analytical nethod.” 

The naive method. A forecasting technique would be 
Classified as naive if it lacked a rigid theoretical 
basis. An example would be the mechanical extrapolation 
of a time series into the future. It iS assumed that the 
future is some kind of extension of the past. Mats 
method would require a minimum of data and at the same 
time would give the forecaster a reasonable estimate of 
future demand. Naturally, the further into the future 
that the forecast went the wider the confidence interval 
would be and the less satisfactory the method becomes. 

The barometric method. Under the barometric method 
it is implied that past historical patterns tend to repeat 
themselves in the future. It assumes that the future can 
be predicted from certain happenings in the present. “Thus, 
past statistical behsvior that seems to be associated 
regularly er fluctuations in particular series or general 


business conditions, is discovered and used as a basis for 








forecasting. Foreshadowing series are searched to provide 
an advance reading of whet is expected to fdllow in the 
series to be forecasted. The search for foreshadowing 
Series is not based on the leads actually revealed by 
historical data alone. Theoretical considerations as to 
the Neelets and lags in various series are also employed. 
fees =checkine between empiricism and theory in the search 
for leading series is the best method for establishing 
the thesis that the future does not represent a break 
from the past but that changes are largely determined by 
present conditions. The foreshadowing or leading series 
se ected serve aS barometers of future changes in specific 
series or general business conditions. The barometric 
method, therefore, involves the use of statistical indica- 
tor or indicators, that would provide an indication as to 
the direction a svecific time series is heading." 
the analytical method. This method entails a detailed 
analysis of causative forces operating currently on the 
variable to be predicted. Current data is analyzed to 
discover cause and effect relationships and these are used 
to judge the future cause of the causative forces and the 
effect they will have on the variables to be predicted. 
Analytical methods may be non-mathematical, such as opinion 
polling; or mathematical, such as econometric models. This 


method requires a careful analysis of forces at wor in 








orcer to establish useful quantitative relationships. 
This analysis by no means excludes the use of past 
Seavisureal relationshivs to meke the forecast in tacu. 
historical patterns are often used to estimate the con- 
stants used in the mathematical pole.” This method 
requires quite complete data to be effective. 
es ification by scope 

Air transport forecastsdiffer according to the limits 
within which they are confined in space. Whether the 
Merecaster is interested in a Single route or is pre- 
m@eeving free world air cargo will greatly influence his 
assumptions and the number of factors that he must con- 
sider. The three reneral classifications are forecasts 
Bearing on a single route or geographic point, forecasts 
bearing on a complete network, and forecasts of a vast 
reorraphical scele,. 

single route or peosraphic point forecasts. The 

forecaster could well be interested in predicting future 
factivity along a single route or at a single geographic 
point. In this case the problem is quite well defined 
and can be studied by tating into account particular 
Gm@eracteristics and local factors. ! the forecaster would 
be very interested in predicting seasonal fluctuations as 


as 
well ,overal] trends, 





Comolete networ’ forecasts. The next level would be 
forecasts prepared for a complete network by an operator 
er ior a rore complex regional network, It can still be 
Studied relatively independently of anything going on 
outside it. The network will be more or less homoreneous 
but will require a more corplete analysis than the single 
route. A more complete range of factors must be considered 
and the analysis must be done either sector by sector or 
by establishing different customer pateeor ies The 
forecaster is Still interested is predicting seasonal 
fluctuations but is now more interested in average per- 
formance. 

Vast geogravhical forecasts. This final level would 
be comprised of both numerous routes (national or inter- 
national) and many operators of all sizes. The problem 
is now so large that it is impossible to devote attention 
to svecial cases. The forecaster will be working with 
average values or average distances dve to the applicability 
of the law of large numbers. / The interdependencies have 
become So complex that the forecaster cannot isolate 
Mamself from occurances outside the air cargo system. 
Classification by period of interest 

As Stated by G. Besse, "we aiso find quite distinct 
working methods, depending on the period ahead in which 
we are interested or to put it another way, the ‘'horizon' 


that we are adpoting."/ After an examination of various 








ie 


ways to determine the length of the periods it would ap- 
pear that the classicial approach is Besv.- iMereiorc: 
the forecasts will be classified as short term, medium 
berm, end long term. The different time periods place 
werying demands on the forecasts with respect to accuracy 
and kind of data required. The forecasts are also of 
interest to different levels of management depending upon 
the time horizon considered. 

Short term forecasts. The short term forecasts are 
those which predict activity for a period up to two years 
into the future. These forecasts are generally useful 
at the operational level. That is, tor example; tne air— 
rort manarer or airline executive who is concerned with 
day to day activites and must ensure that the necessary 
capacity is available to handle today's traffic. The 
Porecast should, ideally, entail a high degree of accuracy. 
m@enexeCuLive iS interested in all of the cyclical, sea= 
Pema, and accidental variations that may aifect the demand. 
ane data required for this forecast. would have to be highly 
disaggregated. 

Mecium term forecast. A forecast concerned with the 
period two to five years hence would be classified as 
medium term. This tvpe of forecast is a halance between 
the needs of the operational executive and the planning 


executive. There are many decisions in the air cargo, 








industry which require lead times that are in this range. 
An example would be the National Airport Plan which is 


26 


concerned with a five year horizon, Some of the accur- 
acy requirements will have been removed and some seasonal, 
cyclical, and accidental variations as well. The data 
used would still be highly disaggregated. 

Long term forecast. Forecasts with a time horizon 
of ten years or more are long term forecasts. They are 
mainly of interest to the planning executive and to the 
research and development departments. This type of fore- 
cast would be involved with trends and would remove as 
much seasonal, cyclical, and accidential variations as 
possible. The accuracy requirements are relaxed end the 
confidence intervals expand as the horizon Lengthens. 
The data may or may not be disagrregrated. 
Classification by type of material forecast 

The many forecasts also differ by the type of material 
that trey are concerned with. One group is concerned only 
with commercial data. Another forecast involves the pre- 
diction of air operations. And a third group is concerned 
with economic calculations.’ These forecasts vary as to 
who they interest and how they are used. Data is again an 
important factor as its degree of aprreration or disag- 
sregation and its completeness can severely limit what can 


be forecast from it. 








Commerical data forecasts. Commercial data forecasts 
are concerned with expected revenues, tons of cargo 
e-=rried, volume of traffic related to distance yeaa. ine 
lar data. The characteristics of an operation are not of 
interest, only the results, the trend in demand,“ These 
forecasts would be of interest to the airlines in particu- 
lar and to the whole industry in general as they give a 
Broad Overview of air cargo. "Ihe data is related essenv— 
meby tO factors connected with the political, economic, 
and demorranhic Situation." 

Air overations forecasts. These forecasts are con- 
@erned with numberaxi rate of movements, miles flown, 
eearpure frequencies, the daily or weekly distribution 
of demand, etc. ‘heir aim is to facilitate an optimum 
adaptation of available facilities and the planning of 
future facilities. These forecasts are concerned with 
the organization of air trensport and tne best use of the 
mastruments now available to it and which may be available 
Subsequently. Both operational and planning executives 
mee involved in this process and thus are interested in 
this tyve of anouaa! 

Economic calculation forecasts. The final category 
fomone prouning of forecasts that are involved with economic 
Calculations. That is, they ta’re into account such factors 
Beorprei erence piven to Speed, the effect of price, the 
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6etfect of the quality and availability of service. They 
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are also concerned with the orranization of air transvort 
and the definition and arrangement 67 Sits seems trues 
parts. 
B. Classification of Present Forecasts 

motroduction 

Many organizations and people have either made fore- 
casts or have described methods that could be used. These 
include the forecasts of the Federal Aviation Administra- 
tion (FAA), Douglas Aircraft Company, Lockheed-Georiga 
Company, Boeing Comnany, Resources for the Future, the 
Air Transport Association (ATA), and Arthur D. Little, Inc. 
There have also been papers written by Karen R. Polenske, 
fee >. Alien, W. W. Coterman, W. A. Jessiman, and Richard 
Lawson among others. ‘These forecasts and the methods 
discussed in the papers can be classified according to 
the scheme previously presented. Each can be described 
Eyeucchnique employed, scope, period of interest, and type 
of material forecast. A summary of these classifications 
can be found in Table III. 
Fiscal Year 196 


FAA Aviation Forecasts: Fiscal 


Years 1971 =1982°7 
The FAA publishes a forecast yearly which predicts 





evielion traffic of United States airlines for the following 
10 years. The forecast is based mostly on the application 


of historical trends to present date. However, judgment 








i 


factors are interjected and historical trends can be amended 
as they were in the fiscal year 1971-1982 Poems o 

These forecasts are designed to be used in preparing the 

FAA 5-year plan. However, it also has short term and long 
term application as well. As depicted in Table I, the 
forecast predicts operations date. Arrivals, departures, 
and instrument operations are predicted in addition to 
revenue aircraft miles. This is only netural as the FAA 

is principally interested in the movement of aircraft. 
Information such as this is necessary to plan control to-_ 


wers, runway capacity, and apron requirements. 


Aviation Demand and Airport Facility Requirement Forecasts 
for Large Air Transnortation Hubs<? 


The FAA also forecasts demand at 21 large air trans- 
portation hubs. The forecast covered the years 1970-1980 
for the vurpose of forecasting aviation demand and develop- 
ing facility forecast for 1980. Growth rates for air cargo 
were assumed to be 19-20% annually for domestic cargo and 
25% annually for international cargo. Each airport was 
forecasted separately with the airports' past relationships 
to national and international trends and the resulting 
growth rates applied to present data. The material fore- 
cast was again such operational items as arrivals and de- 
partures, and cargo tons. The forecast also aggregated 


the hub forecasts to obtain a Summary forecast. 
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McDonnell-Dougias Cornoration (MDC) air cargo qeciauseta 


The MDC forecast first Ssefrregated the market into 
sections which were later combined into a single fore- 
cast. While the forecasts were basically trend projec- 
tions, qualitative factors were also introduced. An 
example can be illustrated with Figvre 2.1. A large 
portion Of Birlift mail traffie im 1969 was mMiditary see 
MDC forecast has determined that this will decline, al- 
though the trend at that point doesn't sugrest it, and 
adjusts the prediction accordingly. The controlling fac- 
tor in this action would appear to be the predicted with- 
drawal from Vietnam. The forecast is concerned with the 
total free world air cargo and predicts the revenue ton- 
miles. Although there is a forecasted demand for every 
year from 1970 to 1985 the time horizon is principally 
long range. All variations have been stripped away from 
the trends and the forecast is primarily geared to the long 
term planning executive. The data generated are average 
values and there could well be variations both above and 
below. The confidence intervals of the forecast can be 
somewhat depicted in Figure 2.2. The high and low fore- 
casts encompass a range of values that the actual demand 
memo well be. The further inte the future the forecast 
poes the wider the vossible range of demand. The MDC 


forecast of free world traffic is contained in Figure 2.3. 
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SOURCE: EE. W. Ecvard, Air Cargo Grorth Study, Cargo 
Moarketin~ Research Section n>. 99 (Marietta, 
Georria: Loac'heed-Georria Comrany (1967)), pn. 28. 
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Figure 2.3 MDC Forecast of Total Free-World Air C-rgo Traffic 
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FORPAC?” 

In its FORPAC model, the McDonnell-Dourlas Corporation 
makes a distinction between projection and forecast. The 
basic distinction is that projections employ a naive 
technique while forecasts are analytical. The FORPAC model 
presents the user with 8 options as to the nedtemate he 
wishes to employ. The technique chosen is highly depend- 
Gnt on the past data available, the time horizon desired, 
and the degree of accuracy required. All of the techniques 
meer ois ie rouve in scope as the model analyzes using Civy— 
pairs. They all also predict revenue ton-miles. 

Inoutted forecasted growth rates, This option would 
be used if the historical date was unreliable. It can be 
msed tor Sispeey medium, or long term forecasts. The ac- 
curacy of the output depends entirely upon the accuracy 
of the forecasted rrowth rates. 

oystem averace growth ravess) 1nissopvrenr could alse 
be used if the historical data was unreliabile. It is 
Paecabie to short, medium or lone term projections. 

The average growth rates are either inputted or computed 
internally. This option could not be used if a high de- 
gree of accuracy was needed. | 

Exponential-smoothing Routine. Exponential smooth- 
ing is very sensitive to the letest data. It is applice- 
able only to short and medium term projections. The | 


reliability of the projected demand is highly dependent 








ZA 


upon the reliability of the histoe~ical data used ue 
Go its mechanical. nature, the projection is cont idence 
interval widens rapidly. 

Least squares method. The least squares method can 
be used for medium and long term projections. This mete 
Mod utilizes a trend line and thus seasonal, cyclical, 
and accidental variations are not accounted for. The 
determination of the trend line is strictly a mechanical 
process. Again, the accuracy of the projection is de- 
pendent upon the reliability of the past historical data. 

Geometric progression method. This method can be 
used for medium and long term projections. Just as in 
moe Least squares metnod a trend line is utilized, al- 
thovgh a geométric rather than an arithmetic one. The 
technique employed iS naive as the curve fitting is 
mechanical. ‘Ihe accuracy of past historical data isa 
vital cer niient of the accuracy of the projection. 

Multilinear repression method. Both medium and long 
range forecasts can be made eas this technique. The 
technique analyzes the average causative or associative 
joint relationships of one or more independent variables 
upon the dependent variable. Such determinents as 
economic, social, political and demographic factors can 
be evaluated and their effects can then be projected into 
the future in order to estimate demand. The technique 


could be either barometric or analytical depending on 
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whether the relationships were causative or associative. 
Also, whether the series was leading or Nov. 

Econometric routine. This metnod ean ere secon oe; 
making medium or long term forecasts. Three sub- 
analyses (macro, secular, and micro) are applied to city- 
pair traffic demana. These Sub-analyses are weighted in 
terms of their statistical sipmificance and combined to 
form a single composite forecast. The macro-analysis 
employs multiplicative multilinear regression; the 
meewlar-—analysis uses the geometric progression routine; 
and the micro-analysis uses multiplicative aah Sia aes 
meeression also, 

Lockheed air cargo growth study, MRS W491? 

Locxheed-Georria Company has been very active in fore- 
casting intercity air cargo demand. MRS-49 is the first 
of four Lockheed forecasts to be classified. This fore- 
cast is a projection of past trends. A curve was fit 
Statistically to the past data to obtain the trends. The 
Memecast was concerned with the entire free world air 
cargo although some smaller sections were included. The 
period of interest actually falis into the medium range 
category. The forecast extended over a decade and the 
myelical, seasonal, and accidental variations were not 
considered. The material forecasted was revenue ton-miles. 


The forecast of free world air cargo is shown in Figure 2.4. 
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Lockheed rate elasticity forecast, CMRS-59 





CMRS-59 uses the MRS-49 forecast as a base. ‘This 
forecast, however, added an analytical aspect to the 
method. By studying past data it was determined that a 
one percent decrease in average yield would result in a 
ce percent increase in revenue Con=mileseue (6 sever ae 
pela was forecast and the results of MRS-49 were ad- 
justed accordingly. The scope and type of material 
forecast did not change. The horizon was extended to 
memevae long term, Tne effect of the rate elasticiry 
adjustment can be seen in Figure 2.5. The CMRS-59 forecast 
of free world air cargo is shown in Figure 2.6. 

Lockheed belly cargo neReeasit. CMRS.169°* 

CMRS-169 is an update of CMRS-59,. The forecast is 
concerned with free world belly cargo only. The fore- 
cast began with the predictions of revenue passenger-miles. 
From these the passenger fleet mix was predicted. Histori- 
Seamecarzo load factors and Standard capacities were then 
combined with the fleet mix prediction to arrive at the 
belly cargo forecast depicted in Figure 2.7. Although the 
procedure is rather involved it is still basically an 
extrapolation of historical data. It is also applicable 
to medium and long term planning. The dip in the 1980's 
is due to the projected introduction of the SST which 


Carries no cargo. 








39 












SQURCE: E. #. Eevard) Bree Wore see 


Cargo 1965-1990: Rate Elasticity Forecast 
Cargo Marlet‘ ne Hesearch ee. omic aia 
no. 59 (Marietta, Georgia: Locheed- 
Georgia Vo. (1967)), »v. 5. 
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Figure 2.5 Lockheed Rate Elasticity Forecast vs MRS-49 for Tree 
World Air Carro Volume 
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Georgia Comnary (1966)), p. 7. 
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Figure 2.6 Lockheed CYRS-59 Free-World Air Cargo Forecast 
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Figure 2.7 Locvheed Belly Cargo Forecast 








Lockheed air cargo frowth study Magia 920 





CMRS-~-99 is an urndate of C’RS-59. Usine Sstaticrica 
projection of past trends plus judmental jacver. auc 
Mmoeerace elasticity formula, free woriG@ ai, carzen 2. 
forecast. This forecast is also applicable to medium 
and long term planning. The forecast contains breakdowns 
of domicile of airline, class of cargo, geographical area, 
and method of carriare. Figure 2.8 depicts the free 
wWor'c air cargo forecast by domicile of airline and 
Figure 2.9 projects what methods of carriare will he used, 
otaniey H, Brewer, The North Atlantic Market ‘2 and The 
Eurove-Asia Market? 

Professor Brewer developed a new approach to fore- 
castine. He projected population, GNP, and industrial 
production. From these projections ane past relation- 
Shivs he forecasted foreign trade which was broken down 
and analyzed in groups. From the analysis a potential 
air freight demand was derived. The potential ts based 
uvon the dollar value per pound. Portions of Brewer's 
two forecasts are contained in Firures 2.10 through 
2.13. These forecasts are primarily medium and long term 
and the material forecasted is revenue ton-miles. Of 
interest in these forecasts is the elasticity of demand 
with respect to price that is depicted. It is seen that 
the North Atlantic market is much more elastic than the 


Furove-Asia market. 
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110 SOURCE: E. W. Ecard, Air Cargo 

Growth <tudy, Cargo Yarketine 

Research Section no. 99 

(Marietta, Georria: Lockheed yy 
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@) 


rd 


90 


@) 


Total Free World ry y, 
60 i y 
— fo / 
roreion Air- 
9 bys een 
Cee | A] 
LO PY J 
W.5. Airline NY) rel 0 
(Domestic) a e 
39 Bey We Y 
HL 
, Vl aa 
PLL 
GREET PTTL 


A 


© 


\ 
cao 7 
ry 
jane oe 
AA 
ces 
AH 
NS 
a 
_ 
mie 
a 


VEG 


Lockheed C™RS-99 Free-World Air Carzo Forecast 
by Domicile of Airline 





REVENUE 
TON 
PLES 
ould ions) 


30 


SOURCE: EF, We Beard seeeiic seme 


ABA LG, Growth Study, Cargo “ar’eting 


eee SS > 

Research Section no. 99 

(Marietta, Georria: Loc':heed 
he Georria Comnany (1967)), p. 44 


/ 
sete 
| -eoperbie 


ope ie 
Medium Cargo Jets Minnnear ia 
7 TT VL LAZ 
Large Carco Jets fh po} 
WW 
eee 
eee 
es 
jaaaecal ETE 


eA 
YEA 


Figure 2.9 Lockheed CMRS-99 Free-World Air Carro Forecast 


by Method of Carriare 





Sul 


SJseoot0y pueuweq edoding 04 BvoTtuailiy YQUON Jemery, *‘y ABTUeIS UT’g aunBig 


(SUOT{T1q) 
SATIN NOL AANaAqH 


sey 
ba 


Kul 
Nv \ » 
"4G *“d *(zg6T Suogsutysem ‘uoquey) dtemzuesoy \\ 

“J Ssowep pue ‘4sey ‘gq QuOowe Ig ‘aemoug *y \ \ 


ke~tueqys fq Auediog BUtTSOg SU JO Jucdeu ¥ O€ 
‘4yustedy uty Joy JeyreW OTUETIY YIAON S47 :aOuNOS \\\\ 
(punoyyseq) aie 


GSL6T “OL6T *S96T “LSE 1Tw~ NOW 
AdOUNaA ANY VOLYAWY HLYON NASMLaAd add 
LHDOIGdd YIV YOd AAYAO ANVWHAC GYLVWILSa SLNAO 





LSVOHHOHX GNVWHA HdOdNA OL VOLYAWVY HLYON YAMANE °H AWINVLS 





OZ 


qdseoeu0,] puewagq Boldouy y4tON Of edoung Jemeuy *y Avl_UeIS T1°gZ ednsTy 


—(SUCTTLTY) SHIIN NOL YANYARY 
G° 9 "S s fo ome C Sg 





_— TESS NS : 
a me 

we 

tia : 

G2 

4 é é cs é. rors O€ 
GG “d (Z96T UOZSUTUSEM UOJUSY ) BLIMUSSOY 
‘“y soupe pus ‘4883, °Y QuOWSUYy SdemMoug “Hy 
Layueirisg £q AUedWOD BUTSsOg 2944 UOJ 4AAoded y 

“qUuUdTody dtyY JOY JoxdeW OLqUeTIY YUIAON SUL :AOUNOS Ge 

Oud 

gud 

(punog asm) SZNYO 


GZ6% ‘O46T *S96T *246T 
qdOta GNV VOLESUWVY HDYON NEAMLAE 
LHOITH MLV YOM PWAUNO GNVWAd GYLVWLLSS 





seoedo 7g puBwagq etsy 09 sdouny Uamouyg “°H AazTt : - 
a 4 d BP qd VY OF a qd °“H ASTueqg 21°Z Sdnsety 
(SUOTLTT4) 
SATIN NOL ANNAATY 
ti 22 02 gt 91 11 zt Ot 8 9 hi ¢ ¢ 


a t. - Pe Ee 
— [Ss a 


O€ 
69-95 ‘dd ‘(€961 uoysutTysem ‘U0JUAayY) . 
Stemzuesoy *q so-ep pue “4ssy °q JUuowWedY ‘uamMadg 
‘oy £atueqys Aq ALueduiog suts0g 944 AOs LOC 
y ‘qusledq dty dog Joxsey ersy-edouny euy :aXOuNoS 
MN a 


(STFU 
woe 89504 





34 


Td 


qseoou0, pueweq edoung 04 eIsy Jemedg *yH AeTuUeIS E€1°?S sdnsty 
(SUOTLTTQ) SHTIW-“NOL HANHASY 
Ce Od Bt 


OT 


val vm ch 





65-95 *dd *(€96 1 uoqdutysem ‘uoqUeyY) 
dlemMzZuesoy ‘gq sowep pue ‘4sey *g JUOWedY “Temedg 
"yy £aLUeIS AQ LUSAMWOD BuUteog oyg4 UOJ yuodsey 

vy ‘qudledy AUty JOq Joxdey etsy-edouny suzy, 


*HOUMOS 


0 
0 


ava 





op 


Boeing traffic yaa eee 


this forecast arrived at its prediction ee ee 
2.14 solely through trend projection. For the U.S. 
domestic market two different trends are used for high 
penetretion and low penetration. The forecastx are 
peeoremely broad, free world air cargo, and are useful 
only for gross medium and lone term planning purposes. 
The standard commercial data, revenue ton-miles, are 
Eoeedacverial forecast. 
Resources in America's Future 2© 

The technique adopted in this forecast iS unique. 
Meqguiremencs for metals, energy, farm products, tinber, 
Water, and outdoor recreation are projected based on their 
meme 1 onships to such factors as population and GNP. 
Baeeiorecasting of transportation demand is really an 
interim step. After projecting a general picture of the 
ieee economy (population, GNP, labor force, etc.) Ccon- 
Set ion levels for food, clothings, transportation, etc., 
ere fceveloped. From this demand for intermediate items 
are derived and then final dev-ands for resources are 
Getermined. Historical rodal shares and trends are avplied 
Memtune £ross cargo transportati*n demand. The forecast 
of revenue ton-miles for the U.S. is rood only for long- 
term planning. The projectioys are shown in Table II, 


High, medium and low projections were made. 
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TABLE JT FPRQJCCTED VOLUME CF DO Ce Thi Ce ole 


BY TYPE oF caAnRitERL 


1950 1955 1°60 19°70 1980 1990 2000 
Rail tononeameee (}illions) 5Q7 631 57° ie £92 omen 653 755 
os fasis 972 es, ieee. 
H 920 ae 2,058 p92 
Truck toneniles” (bik) eres 1s) 223 299 L 375 B26 720 974 
M LRG “os Sige Valea 
H 60H 1,119 1,967 See 

Inland waterway ten=niles* 
(hillions) 163 216 223 L 257 306 320 Len 
M Sey, 4b? 630 900 
H 399 663 1,049 my (02 
Air tor-miles? (billions) 36 ike 69 L 1.25 1.70 ooeee Dae 
M 1S ee AG 4,60 6.3C 
H ieee 6 am Te Teo. 30 F. 0 


SOURCHK: H, H. Landsbure, L. L. Fischman, and J. L. Fisher, Resources in Averica's 
Foture (Raltimore: Johns Honkxins Pres 2m CGa) an, 651, 








be) A i xXxeCCut ve Summary* 


The Air Transport Association (ATA) used a combina- 
mon Of trend projection, multiple eorrelaviomu,=and 4 
factor which measures both price and quality of Service 
for domestic freirht, For the remainine categories only 
trend projection was used to arrive at the revenue ton- 
miles fprapned in Figure 2.15. The forecast has applica-~ 


fren tO medium and long term plenn ng, 
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meeeeur D, Little, Inc, 
The Arthur D. Little projectiors are best eStimates 

based on an evaluetion of all relevant factors. they 

oro ject a 13% annual growth for domestic air cargo and 

a 15% annual growth for free world air cargo for the next 

10 years. They base their figures upon insight gained 

while trying to build on econometric model of intercity 

air cargo demand. 

mrenard Lewin © 
Mr. Lawson fitted a multiple regression curve based on 

time, coal usage, Industrial Production Index (IPI), popula- 


tion, and GNP, The forecast is a medium term projection of 


revenue ton miles for all modes in the U.S. 


io H, Norling ‘@ 


Mr. Norling has simply extrapolated the trends of various 
ratios into the future. The results are useful. only for gross 
long term planning. The revenue ton-miles that he projected 
for U.5. intercity freight ton-miles are not broken down by 


modal share, 








oy 


100,000 






SOURCE: Air Transport Association of 
America, Executive Summary: A.T.A. 
Airline Airport Demand Borecasts, 2 
report by the A.T.A., Washington, D.C. 
(July 1969), p. 7 
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17 


United Aircraft Corvoration 

In this forecast lone GerumerenGs mere an-|V¥Zeq ang 
projected. The projections were then diS-aggregated to 
orizinations and terminations at the most important air 
mMerninal cities. The forecast of domestic cargo is 
contained in Figure 2.16. The data can be used for both 
medium and long term vlanning. Both revenue ton-miles 
and operational data are forecast, 

Interavia’ 

The Interavia forecast represents a consensus as to 
the most likely trends. AS variations are not included 
only medium and long term forecasts of world ton-miles 
are possible.. 
fe A. Jessimam?* 

The forecasting method GeSerirecad. Mer imsearl icles iar 
moecune words of the author, “only useful where highly 
accurate forecasts are not required or where the forecast 
year is not far removed from the base year." The inac- 
curacy and time limitation would See” to allow only medium 
term forecasts. The method uses past trends obtained 
throueh regression. It forecasts revenue ton-miles at 
eee Lransportation hubs. 

Karen k. Polensice t® 

A method which would seem to have wide applicability 


is the input/output table. It requires a careful analysis 








10 
SOURCE: J.T. Degnan and 
9 C. E. Miller, Study of Large 
Cargo Helicopters, ieee eee 
Aircraft Research Laboratories 
Report no. F-410697-1 
9 (Connecticut, United Aircraft 
Corporation (October, 1967)) 
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gure 2.16 United Aircraft Domestic Air Cargo and Mail Traffic Forecast 
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ef past data and can forecast#invo any Vine Nerizonawe: 
can operate on single hubs, networks, or vast feorraphi- 
cal areas. It can forecast revenue ton-miles for ail 
modes or split into modal shares. This method has not 
been used to date in this regard (at least not openly). 
A combination of an input/output table coupled with a 
transportation model was also described by John E., Harman. 
Douglas' Current Outlook! 

The Douglas forecast is a Simple extrapolation of 
trends. The revenue ton-miles forecast are applicable to 


medium and long range planning. There is also a forecast 


of cargo aircraft requirements. 
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PART 3 
FACTORS AFFECTING AIR CARGO 


Poe bree F107 

An important aspect of forecasting for intereity air 
Cargo is an understanding of the factors that affect air 
momeo, Lhe reélavionsnip between tnese Tactors and inver-— 
city air cargo may be either associative or cauSative. 

Pm associative factor could be, for example, Gross National 
Product (GNP). Although it may aprear that an increase 

in GNP results in an increase in a1 Ctee dy axe carco de- 
mand the actual cause of the increase is attributed to 
Something else. GNP is simply a measure which is reflecting 
the increase in air cargo demand. A causative factor is 
self-explanatory. 

These factors can be basically subdivided into 3 
categories. The first group is composed of general 
economic indicators. The next prouping is those factors 
which bear only on the intercity air cargo industry and 
Saeune ireighnt transportation industry. The final cate- 
sory is composed of those factors that onerate at the 
Mevel of the customer. Grouping the factors affecting 
intercity air cargo in this manner facilitates the under- 


Standing of the industry‘’s environment. 


2 








B. Classification and Discussion 
General Economic Indicators 

The general economic indicators thet appear to be 
Pee ciated with intercity air cargo and population, GNP, 
Gross Rerional Product (GRP), labor force, goods, and 
Sonstriction, industrial production, coals production, 
and steel prodvction. These indicators were used by 
Various people ane organizations in an attempt to fore- 
aes invercity air cargo. 

Proteéssor Erewer used pepulialion, GNP, and taidustmeral 
@reauction in his forecast of the North Atlantic a ae 
and the Bruope-Asia market .2+ He further stated that while 
there was a large degree of correlation between these 
indicators and air cargo for highly industrialized regions 
it did not hold true for the tess industrialized rerfions. 
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In "Resources for Arerica's Future", population, 
labor force, and CNP were used to indicate a general pic- 
moreno: the U.S. economy. GNP was broken down into its 
rany constituent parts and various correlations were tried. 
A tight correlation was found between intercity freight 

and CNP less services. 


Richard eer tas 


worked with various combinations of 
Seeulation, steel prodmction, coal prod’ction, time, CNP, 
GNP less services, and the Industrial Production Index (IPI). 


He round the best regression line was obtained when he 








1? 


wsed population, coal producuvenwetime.. Cll) enc hie 
He also found that the correlation was poor between air 
Share and tne rest of the freight industry. 

A. H. Norling examined the ratios of total intercity 
freight ton-miles to population, GNP, foods and con- 
meeuction, and 1Pi. He found that they all gave accept 
able correlation. * BE. W. Eckard in OC”YRS-99 related the 
increase in intercity air cargo to the growth.in GNP, <° 
meaversely, E. A. Schriever and W. W. Seifert found that 
Miee total domestic freight traffic was closely corre- 
lated with disposable personal income and GNP, domestic 
pieerre.ent traffic growth rates varied srreatly in rela- 
tion to the growth in anp.t9 

Population and GRP were the economic indicators used 
in the macro-economic model of Volume I of the "Studies 
on the demand for freight transportation." It was noted 
that the variables used were not necessarily the best but 
rather served as an example of the construct which ap- 
peared en Oren 

IdesemecOnenic I1ndicavorgecien ss provide a svanting 
Bernt for forecasting intercity air cargo. They set the 
environment within which the industry is operating. Such 
indicators are associative factors, That is, as il- 
lustrated earlier, while an increase in one of the indica- 


mers may be paralleled by an increase in intercityeair cargo, 








the increase in air cargo is not caused by the indicator's 
increase. in addition, the macro=econom1c wing carers 
would not seem to lend themselves to an accurate indi- 
cation of demand on a smaller scale. That is, GNP would 
not seem to be a pood indicator of air cargo at the 
Atlanta transportation hub or, if Schriever and Seifert 
Ere correct, on a national scale as well. 


miaustry factors 





iments elite ilehaie louver grey sliiimiisteim alse ahiganeicle Wine Siig esicee 
demand which can be considered as being within the industry. 
This may be because the industry has exclusive control 
over them or because they affect only the industry. These 
factors are all causative factors and may well be termed 
determinents of demand. These factors interact greatly 
with each other and it is impossible to neatly segregate 
any of them at any time. A thorough understanding of their 
relationships is necessary for effective forecasting for 
Mieercity air cargo. 

Probably the most important factor affecting inter- 
ny air Cargo is the cost to the customer, the rate 
structure. This can best be described by dealing with 
the price-elasticity of demand. What would be the effect 
em demand if the cost per ton-mile were reduced? 

i 5S. Allen determined that tnesdenand is elasvic 


with price. That is, if the cost to the customer were 
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reduced the demand for air cargo would increase. He was 
unable to test his model with a domestic application. de 
stated that "Such functions would be immensely useful to 
Ene industries involyed and to regulatory bodies, Av 
the present time, these bodies mae rate deciSions on 
Pee basis of evidence on demand elasticity that is ob- 
tained by the application of questionable techniques to 
inadequate sete 
William Gotterman reached a slightly different con- 
clusion. He stated that "the elasticity of demand with 
respect to own price is unity in the case of the trunk 
carriers and inelastic in the case of both the local 
service and the all-cargo carriers ,"!9 
Lockheed introduced a rate-elasticity factor into 
their forecasts in 1966. From an examination of past 
wave tney determined that for every one percent decline 
momaverare yield a three percent increase in cargo volume 
resulted. They made no distinction as to type of carrier.<* 
In 1967, Lockheed determined that their rate-elasticity 
equation still was valid. ° 
Henry McKinnell, Jr. hypothesized that tne total de- 
mand for air freight services was a negative function of 
tne general level of air freipht rates. He determined at 
mae conclusion of his study that there was a high price 


erasticity of air freignt jenandeae 
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Professor Brewer found varying degrees of price- 
elasticity of demand in his North Altantic forecast. 

i @icure 2.12.36 1S seen thatw ies nce. elastic. 
However, breaking the market into segments shows that 
mie United States to Europe market, Pigure 3.1, 18 very 
eteastic, while that from Mexico and Canada, Figures 3.2 
ana 3.3, Mou Pe last ic . 

There is a second concept which is being widely 
endorsed from the air cargo side and must now gain favor 
with the customer. This is the total cost of distribution 
concept. W. D. Perreault advocated this total cost of 
distribution concept in his sneech at the 1970 International 
Conference of Air Cargo in the Next Decade. +5 Comparing 
mabe Sbructures, air cargo cannot compete with the other 
modes of freight transportation. Air cargo rates are 
consistently much higher than those of other modes. The 
idea was presented that cost comparisons should not be 
made on the basis of rates alone but should be the total 
cost to the customer. An advantage of air cargo is its 
speed. With this additional speed the product being 
trarsported takes less time to get fro~ point A to point 
B, The customer has less inetransit inventory and thus 
is savinpe over other modes. There is also the point 
that there is aiso less cost of damage, pilferage, 1oSs, 
or perishability with air carro and this is another 


savines for the customer. The abstract mode model of 
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the Northeast Corridor Project employs shipping cosv/unit, 
mean shipping time, variance in shipnine time, and carrying 


Oe, 


eost/unit of time. The interest rate has also been 
avplied in some cases to define an opportunity cost 
caused by having to maintain excess in-transit inventory. 

“Another important factor that is often ignored is 
the type of service provided, Service is defined as the 
routes flown and schedutes of flirhts (both timing, and 
number). The better the service is from the custorrers' 
point of view the more likely that he will use air freight. 

Douglas Aircraft incorporated a service factor into 
the penetration portion of their forecast. 2% G. Besse 
notes that quality of service may have either a positive 
or negative effect on demand.’ Lockheed stated that as 
Pervice increased so did demand , “9 such items as pil- 
ferage or loss could be handled under quality of service 
but they are already taken care of under the total-cost 
Sonce pt. . 

The equipment being used has an impact upon air cargo 
@emand. Limitations on route distances, shipment size and 
weight, and intermodal Seu et could easily lower de- 
mand. Henry McXinnell, Jr. concluded that the past frowth 
in the industry was partly due to technological innovation 
and continuing growth will require hign investment in the 


Dristry. - Lockheed has interjected the impact of new 
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20 "Resources in America's Future" 


HetS INUGsi ts s.orecas ts. 
preaicted that af large ecomoricaieaiy | reieipers were 
developed, air transport could become of considerable 
importance for certain types of traffic.,30 R. W, King 
meels that the future of air Cargo transportation is 
directly related to containers, 22 Tne Jast iti du 

Beans port Aérien (ITA) cautions that the introduction of 
new flight equipment and facilities must be taken into 
consideration when making forecasts. ¢ David H, Reeher 
States that the airlines' acquisition and use of the large- 
capacity subsonic jet transports in the 1970's is an 
important element in the ious trys future. !¢ : 

Of the many Sources examined only four discussed a 
mecuor that could invalidate ail intercity air cargo 
Merecasting attempts. That factor is the effect that 
capecity has hed on demand. Has a shortage of capacity 
held down demand? Sim-t, Helliesen, and Eichner, Inc. 
Pemsider it in their study of air cargo and air passenger 
terminal facilitation.°2 Henry MceXinnell, Jr. tried to 
determine what effect supply had on demand but could only 
conclude that supply was a factor. 10 Lockheed ass if 
possibly growth was only limited by capacity during past 
reese 37 

Another factor is competition. If the competing 


modes would stagnate then improvements in the air cargo 








op 5% 
industry would have easily predictable results. However, 
the other modesere improving also. "The future volume of 
air freight will depend not only on chenges in general 
ecoromic conditions and the extent of technological 
advances within the air industry but also on the future 
cost levels and services patterns of competitive forms of 


nil 


feeans portation. Mr Ch nvicisiniac OmOOra veo ml Migr (uns 


model 2a vositive function of the general level of rates 
of competing modes, 19 
iWe@octaniczeartoneon. vilcminiGusitey it ScihiS 7. 1actoms. 
Vonsideration must be given to the general organization 
Of transport, government policies, airline structure, etc,/ 
How well the industry plans is important. "While the 
Beeential of the air freight industry is large, it is 
Seeential th >t much attention be directed to the economic 
as well as the technical aspects of the ear. Loo 
often in the Bast airlines have concentrated on the design 
of aircraft and ground suprort equipment while failing to 
organize and systematizve the industry to enable full ex- 
ploitation of the potential economic advantages inherent 
im che industry. There is a varticular need to develop 
amore rational rate structure than presently exists and 
to idertify in more definitive terms snecific markets for 


eee Treignt operators,?!1 
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Custoner Lec rors 

There are certain factors over which the air cargo 
industry has no contro]... These are factors describing 
the customer which at the same time affect demand. 

DY amor tanue cons 1derav sovmemiiec Gie he scus Omer ve 
mnauUSTry is amenabie to air Cargo transportation. James 
Gorham presented a set of criteria to be used in deter- 
mining who is an eligible candidate for air cargo.?! The 
criteria are contained in Table IV. Another factor which 
Bears Or industry amenability is the product’s value, the 
déeéterminent of whether it can bear the cost of air trans- 
portation. The mar’et price of the vroduct is an element 
of W. B. Allen's ouien William Cotterman concluded that 
Ome O01 the characteristics of products shipped by air was 
their value.!3 Professor Brewer based his forecasts on 
doll-=r value per pound. “3 

P, F. Calkins presents another factor and that is pro- 
duct density. Aircraft are gererally filled to volume 
Capacity before they are filled to their weight capacity. 
The reason is the low density of products that move by air. 
Mr. Calkins predicts that average densities of products 
that are packed for air shipment will have decreased 
slightly vy 1975.°° 

Another factor is the firm's location, Its locstion 
may preclude the use of, or mexe it more exrensSive, air 


carzo. The macro-economic model of the Northeast Corridor 
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Project takes reorrannic position into consideration. ?? 

A little regarded factor is habit or inertia. "Once 
a firm's location and distribrtion decisions are made, 
its transport alternatives are constrainec. The fecdbac 
of the transport systems! performance on these decisions 
tends to be considerable, but only with a time lag. 
Modeling these feedbacks will be a task far more difficult 
than th-t of representing shippers' preferences for alter- 
native modes, riven fixed locations. Even this relatively 
static demand estimation problem has, however, proved 
formidable. AS a consequence, forecasting and guantifica- 
tion of freight demands are among the least understood 
aspects of transportation planning." 41 R. W. King also 
endorses habit as a major factor in the shipper's selection 
of mode. 

A final consideration is new product needs. Whet 
new possibilities for air cargo will there be in 10 years 
due to new products being developed? Arriving at a 
decision concerning the effect of this prevents the air 
cargo manager from becoming complacent with his present 


mar’vet, 








USE OF FORECASTS 


Probably the best way to evaluate whether a forecast 
is any gfaod or not is to seé who in the industry is using 
it and for what. If a forecast is not being acted uron 
mo iS wasted effort. 

The Air Transport Association (ATA) made its own 
forecast of revenue ton-mile growth rates. I1t predicted 
ex averape growth rate of 11.1% a year through 1973. 
Usine the forecast as a base and adding some financial 
calculations the ATA presented the airlines' case to the 
mal Aeronautics Board (CAB) with rerards to rate in- 
creases.? 

The Federal Aviation Agency (FAA) is vresentlty usings 
meomown iorecasts to plan the national air transportation 
system, Their forecasts are being invutted into the 
National Airvort Plan (5 years) 26 and the Long-Pange Plan 


25 


(10 years). lhey have also developed a forecast for 
use with the Large Air Transportation Hvhs’ Airrort 
Facility Requirements, <¢ A possible reason is that the 
FAA is the only activity that forecasts operational 
material (See Table III). 

The "United States Air Transportation 1980" study 
et the University of West Virginia used the PAA large 
hub forecasts. Theyvrroposed an air transportation syster 


sa 67 
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for the U.S. in 1980. Again, they needed operational data 
and the FAA is the only one who hes +, 0° 

"Resources in Arerice's Future" wse their own fore- 
casts. They make recommendations concerning our naturel 
resources and issve a yearly report. 26 

Reynolds Metals Company used the Lockheed C*RS-59 
forecast. They wanted to forecast the need for containers. 
Using C™RS-59 as 2a base they extrapolated the number of 
contairers needed to harndle the cargo. This gave then a 
market description for alywminum containers, © 

The United Aircraft forecast was »sed to answer a 
query by Sikorsky. Pua the original forecast a disag- 
eregation was made, A detailed examination was made of 
market potential for cargo helicopters. It was recommended 
that they not be developed due to lac of potential .1/ 

There were few examples of forecasts heing used for 
meeetiic reasons. Lockheed, Boeing, and Douglas are using 
their own forecasts to push their planes. The forecasts 
of the airlines were either not available or of little 


use. 





PART 4 


CONCLUSIONS 


A. Lack of data base 

lf there .issone aspect of L1orecasting for intercivy 
air cargo upon which there is universal agreement, it is 
the Jeck of a data base. Practically every source con- 
mecvea Qualifies its results by Citing this lacks. Those 
sources that don't do this are either those whose recom- 
mendations include a strong emphasis on the need for ob- 
taining such data or those whose purvose was to attempt 
pemiill in gaps in this data. 

Westwood Research, Inc. cites the poor quality of 
data by commodity rovement within the U.S.41 Robert Vos 
States that lack of past data was a problem encountered 
at the University of West Virginia. He was interested in 
@eey—-pair traffic demand, ©° William Jessiman scored the 
unavailability of good air cargo demand data. He stated 
that "development of a model which will ordd®e detailed 
forecasts must await the availability of reliable data 
which will permit more sophisticated analysis. With 
prosnects of considerable prowth in air cargo in the near 
future, and with the rather sporadic development of that 
market to date, such a research erdeavor is highly recom- 
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mended. Although Eugene Ferle was not specifically 
concerned with air cargo he also encounted the non- 


availability of data in such well esta lished industries 
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as railroads and motor carriers. He rade the always valid 
point. that output. gencrated 1s oni eee eoiea. sae 
Mae Northeast Corridor Project encountered knowledge gaps 
me its considerabion of regional Treigehnt transportation, 
Mm—eorE tOuCIng Ccavse Lo this problem is wae conplexity of 
freight transport. An industry composed of numerous firms 
operates with a classification system that incluces 30,000 
moems. Also, much of the data gathered is considered 
proprietary by the firms in the industry. 5® 

An employee of one of the major aircraft manufacturers 
which is engaged heavily in forecasting made an interesting 
statement. "Perhaps this is a case of the blind leading 
Maes blind, because we really do not have complete inforra- 
tion in our files to permit even a reasonably accurate 
Peceos"ernt of the demand for air cargo on a city-pair basis 


n 22 The Transvortation 


and by type and neture of conrodity. 
Association of America (TAA). in its annval "Transportation 
Policy Research" cites the lack of data as a major proble~ 
of carro demand forecasting, + 

Even the internetional air cargo “arket, which has 
prorably the best statistics available, is not satisfied. 
The International Civil Aviation Organization (ICAO) 
points up a lack of data and information on internationel 
£5 


air carfo. 


Henry McKinnell, Jr. wrote his dissertation because 








ex 
there was 2 lack of knowledge about the air cargo market. 
He disavows his own forecast dive to the unsovhisticated 
projections of underlying variables that he had to rave, 10 
Bruce Allen in both his a Seoue ol and article scores 
the inadequate data that regulatory bodies are making 
decisions aise: 

At a national level, with ali the statistics available, 
there are problems also. Economists complain that there 
mee insuificient on the air freight industry for accvrate 
Mecestine. © In evaluating transport com odity statistics 
for vse in inout/output tables, Jack Favcett commented on 
requirerents of data. "The develonment of input/output 
tables requires a great amount of data on production, pur- 
meses Of materials, and distribution of output for each 
Meeuotry, Post of ali, it requires comprehensive coverage, 
compatibility of classification detail and inter-consistency 
of the data. ‘Thus, the evaluation of the completeness and 
accuracy of data systems within the inrnut/output framwork 
Merces a discipline on this undertaking not present in 
many other uses of fesse le? tp eseard. tomursualize this 
being met on any disagpregatec level such as air cargo. 
Karen Polenske states the need for an‘input/output table 
data base which does not exist. This data hase includes 


rerional final demands ane interrerional shipments. These 


would be disargrerated to modal shares.“6 Further city- 





pair analysis, such as used in CMRS-77, would be a 
valuable addition to the data base. 

There iS a real need for a reliable and complete 
data base, This data must be of both an aggregated and 
disaggregated nature. Data gathered must be standardized. 
otandard definitions of what constitutes air cargo and 
its various elements must be established. There must be 
coordination 

Aa roe Of international and domestic reporting pro- 
cedures. It is hoped that the MIT study presently author- 
ized by the Department of Transportation (DOT) will be 
able to establish criteria for a national data base. 

Bae technique vs, Dara 

The point raised by Eugene Perle of output only being 
as food as pute raises a question of what techniques 
mecewapplicabvle. It does not Serve any purpose to be 
inaccurate to the third decimal place by applying precise 
techniques to bad data if the forecast need only be 
rounded to the nearest hundred thousand ton-miles to be 
useful. While the mechanical extrapolation of trends was 
classified as naive that was not meant to imply an analytical 
method iS Superior in all cases. In Table III we can see 
that the forecasts of Part 4% that are being used, with 
the exception of "Resources of the Future" are based on 
Naive methods. Until more accurate data is develowved it 
would appear advisable to use that method which provides 


the required accuracy with the minimum of Sophistication, 
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Another, argument in this respect is the tendency 
of forecasts that are accepted to become selt=fuir ii lade 
provhecies, With the questions Previously saised. con 
cerning the affect that suprly may have hadieveaeneral 
it would appear that if the supply is less the forecast 
Will be met exactly and if demand is not limited by supply 
there is a food possibility of the forecast being met, 

C. Maturity of air cargo 

There are two questions of interest in Studying air 
cargo and its forecasting, Where is air cargo in its 
maturity process? What will be its releatwonshid Lo 
passenger revenue? Figure 5.1 represents an idea of what 
tne air cargo life cycle looks like. Figure 5.2 shows the 
comparison of air cargo to rail and truck historical 
growth, Full maturity is not expected until after the 
year 2000,2° 

Air revenue ton-miles are expected to pass revenue 
passenrer-miles by the early 1980's, Reynolds Metals 
Company expects the cross over in 1976, 1 John H. Shaffer 
expects cargo Tey eR erence to exceed passenger lift 
requirements by 1977 or 1978. He also predicts carro 
revenue will exceed passenrer revenue by 1982, Douglas 
Aircraft exvects revenue ton-miles to exceed revenue passenger- 
miles by the early 1980's ,19 The reason this is important 


1s because of the impact this will have on the organization 


a ee 
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EXPERIMENTAL 
AND 


PREDEVELOPMENT RAPID GROWTH REACHING MATURITY 





-EVENUE 
TON A 
MILES "Uncompromi sed" 
Jumbo [Freighter 
"Uncompromi sex 
Medium Frei chiter 
A : 
Jet Freighters 
Passenger Jet 


Belly Pits 


TIME 


——— Ee ee er se 


Development and the McDonnell Douglas Corporation Air 
Cargo Forecast, report no. C1-801-L0107 (September 1969, . 
revised December 1970), p. 25. 





igure 5.1 Air-cargo Development Phases 
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of the air cargo industry. There iS a movement toward 
all carfo airports as a means of nandling increased de- 
mand, AG present a large. portion eisai C2nconeeoy ce 
as belly cargo in passenger airplanes, ‘This does not 
allow all carro airvorts as the belly cargo must fo to 
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passenrer terminals, Lockheed: s Morecasteoi mice? Gace 
belly cargo from 1978 on in Figure 2.7 was based on the 
mawroduction of the SST. As the ssT did not carry cargo, 
memancreased the demand on the all cargo carriers. it 
will now depend on whether or not the SST is ever intro- 
meea as to the correctness of this forecast. 
De eCOonparisen of forecasts 

An indication of the difficulty of forecastine demand 
can be seen when the various forecasts are comvared. Three 
Meeccasts of total free world air freight are graphed in 
Figure 5.3. While the forecasts are relatively close for 
1970 and 1975, by 1980 they have separated by a wide mar- 
gin and by 1985 they are greatly divergent. Figure 5.4 
Shows the same behavior of total U.S. airlines traffic 
forecasts, The total domestic air cargo forecast diverges 
even more rapidly. In Figure 5.5 the five forecasts that 
are compared are close for 1970 but are widely Sevarated 
by 1975. Even if the Resources forecast is omitted the 
Remaining forecasts still differ significantly. From 
these comparisons can be seen the uncertainty that exists 


10 years or more into the future. 
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With regard to the exvected size of the air cargo 
mar’et even the most conservative forecast predicts a 
total free world mead of 48 billion revenue ton-miles 
in 1980 compared to 8 billion in 1970. For domestic air 
eergo the conservative estimate is growth from 2.2 billion 
mevenue ton-miles in 1970 to 10.2 billion in 1980, and 
30 BAlion me .93 5. 

BE. Aggregation vs. Disagrregation 

There is a need for both ageregated and disaggrevated 
Morecasts. Forecasts are needed at both the executive and 
Planning level. An example of requirements would be the 
FAA airport capacity criteria for the National nyipgere 
Plan, for long-range planning, and for large transportation 
mus . 

There are several models which disargregate demand 
data. These are FORPAC, Macro® the Intere wy Trans vorvayien 
Eftectiveness Model, and TREND.2? These models take an 
agepregate demand forecast, split it among city pairs, and 
can also develop carrier shares. These models can be used 
to test the effectiveness of varinus mixes of facilities, 
fies information is required for effective management, for, 
as the costs increase, the manager must have available 
better data with which to make decisions, 

Ageregate data is still requireda also. The coordina- 


tion of international cargo can be accomplished with more 





“ 
eeneral data than required for a Single route. Also, the 
further into the future we project the less valid is the 
eareument for a disaggregation need, 

FF. Emphasis of future research 

"Techniques for estimating freight transport demands 
are, in general, not well advanced, Freight demand models 
have ‘been relatively crude, single-equation fits to empiri- 
cal data. Only recently has attention been devoted to 
fwudy of land uses and the industrial structure as the 
rasis for estimating freight demands, in a fashion analorous 
mor cvhnat used in urban transportation studies," +1 While 
not agreeing completely with the above quote it does rea- 
Sonably exvress some of the problems present today. 

What is needed to aid in forecasting for intercity 
air cargo? The Fourth International Forum for Air Cargo 
reacned the followings conclusion. "Economics and fore- 
Seaccing play in important role in the desipn and production 
of adequate airports and facilities, Maximum emphasis must 
be placed on a forecasting model based on sound marketing 


fata." 


meth sD. ialetle;, Pinc esceauccywewmr dey Nad 
attempted to build an econometric model and had failed. 

They determined that the state of the art and the incomplete 
knowledre of air cargo precluded their success 15 ie 
would apvear then that we should address ourselves further 
to the technique on one nand anc understanding air cargo 


demand on the other. H. W. Bruck argues that forecasting 
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must be better, not for accuracy, Dur tore ca-on2biee 2 
meters.” 
“he Arthur D, Little, Inc. study would indicate that 

two possibly fruitful areas would be anslysis of air 
penetration by lensth of haul (Table VY) and modal share 

by shivper group (Table VI). Further study of the relation- 
Ship of supply and demand as done by Henry eee Jie 
would appear profitable. Any forecasts Should be based 

upon an understanding of the economic theory of the industry. 
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Short-term peak demand also presents 2 problem. 
understandine of seasonal, cyclical and accidental varia- 
mpons 1S essential if the canacity is to be available to 
meet them, The question of price-elasticity of demand also 
Mecas further examination,8 While there seems to be a 
consensus that the demand is elastic for air cargo tnere 

1S a question raised as to whether tnis is valid if we con- 
Sider ali-carro carriers and trun'’-line carriers separately. 
maeener possibly profitable area of examination is the 
emer rOnsnip of load factors to such things as departures, 
tons loadec, miles flown, and ton-miles.!* Any information 
pained here could temper the Lockheed belly forecast. The 
mera COSt of distribvtion need further emphasis. Cuvstover 
inertia must he overcome and education as to the advantage 
of eir cargzfo would increase penetration. James Gorhan 
meavulated Chet the tyne of industry or commodity is not 


a determinent of demand 2} I agree with *. R. Sealy's 
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TABLE V AIR PENETRATION BY LENGTH OF HAUL 


(percent of total ton-miles) 


All 600-799 Over 2000 


le 


AZ 


13. 


Shipper Group Distance Ton-Miles Ton-Miles! 


Meat & Dairy 
Etcoducts 


Canned, Frozen & 
Other Food Products 


Candy, Beverages & 
Tobacco Products 


Textile Mill & 
Leather Products 


Apparel &«& Related 
Eroducts 


Paper & Allied 
ErOoauuCctSs 


enemical, Plastics, 
Synthetic Rubber & 
Fibers 


Drugs, Paints & 
Other Chemical 
eroducts 


Petroleum & Coal 
Products 


Rubber & Plastics 
Products 


Lumber & Wood Pro-~ 
aucts, Except 
Furniture 


Furniture & 
Fixtures 


Stone, Clay & 
Glass Products 


saree 


oe 





All 
Shipper Guide Distance 
14, Primary Iron & 
Steel Products = 
m5. Primary Nonferrous 
Petal Products me 
16, Fabricated Metal 
Products ne 
moe Metal Cans & 
Products — 4 
18. Industrial Machinery, 
Except Electrical Su 
meme iiachinery, Except 
Electrical & 
Industrial a6 
fone COmmunication Pro- 
ducts & Parts 4.2 
meee electrical Products 
& Supplies AS) 
tee Motor Vehicles & 
Equipment ol 
foe fransporation Equip- 
env, oxcen, “otor 
Vehicles foil 
24, Instruments, Photo- 
praphnic Equipment, 
Watches & Clocks Ziel 
1. Except as noted 
me Over 1200 ton-miles 
3. Over 1500 ton-miles 
mOURCE: 
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TABLE V AIR PENETRATION BY LENGTH OF HAUL (Cont'd.) 


(percent of total ton-miles) 


wee ce twa 


600-799 


Ton-Miles 


uae 


Over 2000 
Ton-Miles 


3.4 


7 4 


ZO 
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TABLE VI SHIPMENTS BY MANUFACTURING ESTABLISHMENTS BY 


(percent distribution of intercity ton-miles) 


otraight—Line 
Ton-iiles 
(billions) 


Shipper ‘Group 


Meat & Ivairy Pro- 
GuUCTs 


Canned, Frozen & 
Other Bigod Pro] 
aducts 


Candy, everages & 
Tobaceo Products 


Textile Mill & 
Leather Products 


Apparel & Related 
Products 


Paper & Allied Pro- 
ducts 


Chemicals, 
Synthetiic Rubber & 
Fibers 


Drugs , seeainivome. 
Other Cineri cal seo] 
ducts 


Plesticoe 


MODE OF TRANSPORT, 1963 


16,8 


49.6 


1 oe 


one 


36 4 


euaal 


3) 


Rail 


46,3 


74.6 


46.9 


ZO: 


10.0 


(oe. 


ons 


Cl aal 


iene ¢ 
For-Hire Private 
SCme 16.4 
Uy AA 6.6 
bien! WR 
Gysiate: 1a SS 
62a One 
2057 6 
Lee Ore 
Billie (ame 


Mode of Transport (%) 


Air 


AS 


ZO) 


ae 


ee 
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TABLE VI SHIPMENTS BY MANUFACTURING ESTABLISHMENTS BY (Cont'd) 
MODE OF (PRORorOnt, 1962 


(percent distribution of intercity ton-miles) 


Straicht-Linel Mode of Transport (%) 5 
Ton-Miles fail Truck Air Water Other 
Shipper Group (billions) For-Hire Private 
QO, Petroleus & Coal 

Prod: cts’ oO 4,2 a 1.1 = 91.3 1.6 
10. Rubber & Flestics 

Prod»cts 4.6 Ben 52.4 58) ms hoe 3. 
11. Lumber & Wood Pro- 

Gucts , \meae ee 

Forniture Ma 5 sigue ace cna 6.9 - Za) 1 
i2,. Furniture & Fixtures 9 hh 2 34.9 ne. 7 52 1.6 2.4 
*3, Stone, Clay & 

Glass Products 33.5 Sae 26.6 G2 2 Ee, cs. 
14, Primary Iron & 

Steel] Products 34.0 Siler 28 Za = dese? es 
15. Primary Nonferrous 

Metal Frodvcts daha DD eee 210 Bey. anal i ra 6 
16. Fabricated Metal 

Products . et HO .6 Bie fe 4 nT bh OLS 
17. Metal CarsSeGePreaucirs 46 11.6 46.9 7.0 me Be 1.8 


1", Irdustrial Machinery, 
bixCe 1 ia Ga iegie om 2 25.4 O22 4.0 9 3 7.2 








TAPTE VI SHIPMEI'TS 'Y MANMUPACTUPING ESTABLISHMENTS BY (Cont'd) 
MODE OF TRANSFORT, 1963 
(percent distribution of intercity ton-miles) 


Strai cme —lamies Mode of Transport (%) 


Ton-“iles Rail Truck Air Vater Other< 

Shiprer Group (billions) For-Hire Private 
‘9, Machinery, BxGent 

riectrical and 

Industrial San 51.5 4.0.0 45 0 AS 20 
20. ComPpunyeatrom | 

Prodrets & Parts 1.6 AAC 48 6 3.9 4,2 fo 13,6 
21. Hh'tectrical Freavers 

& Supplies 6.0 1a 4 BOS 74 25 9 Dao 
22, OUOr Venta | 

Equiprent las S 69.8 2 Ome 2.9 Sal 2 ad 
23. Trearsrertevia. - 

Equivztert, Except 

“otor Vechiles 1.4 52 Oe ao a a 
24, Instruments, Fhoto- 

grevhic Equipment, 

Watches & Clocts 0 Zoe 7S 6 re si 68) 
Total for all) 2-0ieiaerenr 

rcrouns 631 ,8 Sie 14.0 ee BOiGel2 6 aS: 
fotal for all shiprer 
FCOULS CXCe i ame SESSER! 62.0 2'/t 0 2G, all 4.7 ae 


1. Actual ton-miles are about 24% greater than straight-line ton-miles. 
2. Does not inclyudenshapinents Joy soi pipeline. 
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mefutation of this hypothesis.?° However, the concept of 
why a customer uses air freight in Table IV is extremely 
valid and helpful. If quantitative factors could be 
arrived at for this concept it would be an extremely 
micctcive tool. 

The other side of the vroblem is technique. Further 
development of input/output tables would be very valuable. 
The combination of these tables with tranSportation models 
would provide en effective means of forecasting demara 


oe 


Further systems work such as 


60 


and disaggregating it. 
that done at the University of West Virginia could pro- 

meee eCifective planning of future transportation systers. 
Models such as FORPAC, TREND and MACRO Should be strengthened. 
These models provide policy evaluation on a city-pair basis. 


Overall, the state of the art must wait for reliable data 


betore more precise techniques are valid. 
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